Abstract. Fps/Fes related (Fer) is a non-receptor tyrosine kinase that is expressed in fibroblasts, immune cells and endothelial cells. Fer serves an important pathological role in cell survival, angiogenesis and the immune system. However, the pathological role of Fer expression in the stromal cells surrounding renal cell carcinoma (RCC) has not been previously investigated. In the present study, immunohistochemical analysis of Fer was performed using the formalin-fixed tissue samples of 152 patients with RCC. The proliferative and apoptotic indices were used to represent the percentage of proliferation marker protein Ki-67-and cleaved caspase-3-positive cells, respectively. The microvessel density was defined as the number of cluster of differentiation (CD) 31-positively stained vessels/mm 2 . In addition, CD57 + and CD68 + cells were counted using semi-quantification of natural killer (NK) cells and macrophages. Fer expression in stromal cells was negatively associated with Fuhrman grade, pathological tumor stage and metastasis (P<0.001). Fer expression in stromal cells was negatively associated with CD68 + macrophage density, whereas it was positively associated with CD57 + NK cell density. Kaplan-Meier estimators indicated that decreased stromal Fer expression was a predictive marker of decreased cause-specific survival rate (P<0.001). Furthermore, low expression of Fer was identified as being an independent marker of decreased cause-specific survival using multivariate analysis (hazard ratio, 7.4; 95% confidence interval, 1.7-33.0; P<0.001). The results of the present study suggested that low Fer expression in stromal cells is associated with increased malignant aggressiveness and decreased survival in patients with RCC. CD57 + NK cell and CD68 + macrophage regulation in cancer-stromal tissue is considered to affect RCC pathology.
Introduction
Renal cell carcinoma (RCC) is a common urological malignancy, and local invasion and metastasis are detected frequently at diagnosis or following radical surgery (1) . While radical nephrectomy is typically performed during the organ-confined clinical tumor stages, disease relapse develops in approximately 10% of patients following surgery (2) . In addition, a previous study has demonstrated that the median survival of patients with metastatic RCC is ~13 months (3) . In recent years, various molecular targeting agents have been used in the treatment of patients with advanced RCC (4) . The anti-cancer effects of these agents, including prolonged survival, are more effective compared with those of other forms of therapy, such as immunotherapy (4, 5) . However, the effective period of these molecular targeting therapies is short, and the frequency and severity of adverse reactions are relatively high (5) . Thus, further research into the underlying molecular mechanisms of RCC cell invasion and metastasis is required for the development of observational and therapeutic strategies.
The malignant characteristics of RCC are known to be regulated by multiple molecules and signaling pathways. Increased expression of Fps/Fes related (Fer) in cancer cells was previously reported to be associated with high malignant aggressiveness and poor survival in patients with RCC (6) . Fer was originally isolated as a tyrosine-protein kinase, which belongs to the subgroup IV of the non-receptor tyrosine-protein kinase family, and is ubiquitously expressed in the cytoplasm and nucleus of a number of mammalian cells (7) . Notably, it is well established that Fer is expressed in hematopoietic cells, immune cells and endothelial cells, where it regulates their biological functions (8) (9) (10) . Fer has been demonstrated to regulate cell proliferation, migration and adhesion, in fibroblasts and various types of immune cells (9, (11) (12) (13) . Conversely, Fer is known to be associated with malignant aggressiveness in several types of cancer, including increased cell proliferation, invasion and metastasis (14) (15) (16) .
Numerous studies have examined the role of cancer-associated genes, messenger RNAs and proteins in cancer cells, to determine their pathological characteristics, prognostic value and potential for use in targeted therapy (4, 17) . In recent years, the surrounding cancer-associated stromal cells have also been implicated in tumor development and progression (18) . While the pathological and prognostic significance of Fer expression in cancer cells has been investigated, the role of Fer expression in RCC tumor-associated stromal cells, including fibroblasts and immune cells, has not been studied thus far. Therefore, the primary aim of the present study is to determine the association between cancer-associated stromal cell Fer expression, and the pathological features, malignant potential and survival rate of patients with RCC. Furthermore, the association between stromal cell Fer expression and cell proliferation, apoptosis, angiogenesis, and macrophage and natural killer (NK) cell density, was investigated in human RCC tissue samples.
Materials and methods
Patients. Formalin-fixed and paraffin-embedded sections were obtained from surgical specimens from Nagasaki University Hospital (Nagasaki, Japan), between January 1991 and December 2007. Consecutive specimens were used in the present study; however, certain specimens were not analyzed due the low number of cancer cells (<500) resulting from their use in previous investigations (6, 19, 20) . Patients who received neo-adjuvant therapy, including immunotherapy and molecular targeting therapy, were excluded. Tissue samples from 152 patients with RCC, comprising 110 males and 42 females, were analyzed. The mean ± standard deviation (SD) and median ages at diagnosis were 60.7±12.2 and 61 years, respectively. All patients were evaluated using chest X-ray, ultrasonography and computed tomography (CT). In addition, CT of the lung or brain, and magnetic resonance imaging was performed when metastasis is suspected. Tumors were staged according to the 2002 Tumor-Node-Metastasis Classification of Malignant Tumours (21) , and the grade was determined using the criteria set out by Fuhrman et al (22) . In the present study, tumors were categorized into the following groups for statistical analysis: Low-[pathological tumor (pT) stages 1 and 2] and high-stage (pT3 and 4), or low-(grades 1 and 2) and high-grade (grades 3 and 4). The present study comprised 129 patients with conventional RCC, 11 with chromophobe RCC and 12 with papillary RCC. The mean ± SD follow-up period was 43.3 (39.7) months, and 40 patients (26.3%) succumbed to disease-specific causes. In addition, 30 wild-type kidney tissue samples obtained from patients with transitional cell carcinoma of the ureter were examined. The present study protocol approved by the ethical standards of the Human Ethics Review Committee of Nagasaki University School of Medicine (Nagasaki, Japan; approval no. 12052899-2). Written informed consent was obtained from all patients prior to enrollment.
Immunohistochemistry. The following antibodies were used in the immunohistochemical staining: Anti-Fer (1:80; no. HPA007641; Sigma-Aldrich; Merck Millipore, Darmstadt, Germany), anti-proliferation marker protein Ki-67 (1:100; no. 7240; Dako, Glostrup, Denmark), anti-cleaved caspase-3 (1:100; no. MAB835; R&D Systems Europe, Ltd., Abingdon, UK), anti-cluster of differentiation (CD) 31 (1:60: no. NCL-CD31-1A10P; Leica Microsystems, Ltd., Milton Keynes, UK), anti-CD68 (1:100; no. NCL-CD68; Leica Microsystems, Ltd.) and anti-CD57 (1:200; no. MS-136; Lab Vision Corporation, Fremont, CA, USA). The 5-µm-thick sections were stepwise deparaffinized in xylene and rehydrated in graded ethanol solutions. With the exception of the anti-Ki-67 antibody, antigen retrieval was performed at 95˚C for 40 min. For the anti-Ki-67 antibody, antigen retrieval was performed at 121˚C for 15 min in 0.01 M sodium citrate buffer (pH 6.0). All sections were subsequently immersed in 3% hydrogen peroxide for 30 min at room temperature to block endogenous peroxidase activity. The sections were next incubated overnight with the primary antibody at 4˚C and subsequently washed in 0.05% Tween-20 in PBS. The sections were then incubated at room temperature with peroxidase, according to the manufacturer's labeled polymer method, using Dako EnVision+™ Peroxidase (Dako) for 60 min. The peroxidase reaction was visualized using the Pierce DAB Substrate kit (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). The sections were counterstained using hematoxylin, dehydrated stepwise with graded alcohol solutions and washed in xylene, prior to mounting with Poly-Mount ® (Polysciences, Inc., Warminster, PA, USA). A number of specimens, previously confirmed to be Ki-67, CD57, CD68 (all tonsil), cleaved caspase-3 (prostate cancer tissue following hormone therapy), and CD31 and Fer (kidney) immunoreactive were used as positive controls. To detect apoptotic cells, in situ apoptotic cell labeling was performed as previously described (23) . The ApopTag ® In Situ Apoptosis Detection kit (Intergen Company, L.P., Purchase, NY, USA), which is based on the terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method, was used according to the manufacturer's protocol. As positive control for the TUNEL method, prostate cancer tissue following hormone therapy was used. These prostate specimens were obtained from Nagasaki University Graduate School of Biomedical Sciences (Nagasaki, Japan) and their reliability was confirmed in our previous study (24) . Positive and negative control sections were prepared. The negative control consisted of a consecutive section from each sample processed without the primary antibody. Positive and negative controls were set up for each set of experiments.
Evaluation. The expression of all molecules was assessed semi-quantitatively using the percentage of positively stained cancer cells in randomly selected 200 high-power fields (HPFs). Similarly, the densities of positively stained vessels and stromal cells were examined in five HPFs within the tumor area. When the stromal area was small, ≤10 fields were evaluated. In the present study, Fer expression in stromal cells was divided into the following three groups according to the area of positively stained stromal cells: Low (<25%), middle (25-50%) and high (>50%). Fer expression was evaluated in cancer cells as described previously (3) . The proliferative index (PI) represented the percentage of Ki-67-positive cells. The apoptotic index (AI) was estimated using the percentage of TUNEL-positive cells, and was confirmed by the proportion of cleaved caspase-3-positive cells. The microvessel density (MVD) was defined as the number of positively stained vessels/mm 2 . The number of positively stained cells/mm 2 defined the densities of CD57-and CD68-stained cells. All slides were examined using an E-400 microscope (Nikon Corporation, Tokyo, Japan). Furthermore, a computer-aided image analysis system (Win ROOF version 5.0; Mitani Corporation, Fukui, Japan) was used to calculate the statistical variables. Each slide was evaluated twice by three independent investigators.
Statistical analysis.
Values are expressed as the mean ± SD. The Student's t-test was used to compare the continuous variables. The χ 2 test was used for categorical comparison of the data, while the Scheffé's method was used for multiple comparisons of the data. Survival comparisons were performed using the Kaplan-Meier estimator and the log-rank test. In the survival analysis, a multivariate analysis using the Cox proportional hazards model including all pathological features was conducted. The results are described as the hazard ratio (HR), 95% confidence interval (CI) and P-value. All statistical analyses were two-sided and were performed using the statistical package StatView for Windows version 5.0 (Abacus Concepts, Berkeley, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Fer expression. Representative images of low, middle and high Fer expression in RCC stromal cells are shown in Fig. 1A -C, respectively. Fer-stained immune and fibroblast-like cells were observed in the RCC-associated stromal tissue. A total of 49 (32.2%), 51 (33.6%) and 52 (34.2%) patients were considered to be in the low, middle and high Fer-expressing groups, respectively. All specimens contained Fer-expressing stromal cells, while conversely, Fer-stained endothelial cells were rare and identification of Fer-stained vessels was difficult. In addition to stromal tissues, Fer expression was detected in the cytoplasm of cancer cells (Fig. 1D) Association between Fer expression and pathological characteristics. As presented in Table I , increased Fer expression in stromal cells was significantly associated with increased Fuhrman grade, pT stage, and lymph node and distal metastasis (P<0.001). In the present study, a total of 30 patients exhibited metastatic (lymph node and/or distal) RCC tumors. High stromal Fer expression was detected in 1/30 patients (3.3%) with metastatic RCC (Table I) . No significant difference was observed between stromal Fer expression and the RCC pathological subtype (P=0.804; Table I ).
Association between Fer expression, malignancy and survival. As shown in Fig. 2 , stromal Fer expression was not significantly associated wPI, AI or MVD. As shown in Fig. 3A , increased CD57 + NK cell density was significantly associated with high stromal Fer expression group (P=0.010 vs. middle group; P<0.001 vs. low group). By contrast, increased CD68 + macrophage density was significantly associated with the low stromal Fer expression group (P=0.008 vs. middle group; P<0.001 vs. high group; Fig. 3B) . Kaplan-Meier estimators demonstrated that low stromal Fer expression was significantly associated with a decreased cause-specific survival rate (P<0.001; Fig. 4 (HR=7.41; 95% CI=1.67-33.03; P=0.009; Table II ). In addition, moderate stromal Fer expression, high tumor grade and presence of metastasis were identified to be independent predictors of significantly decreased cause-specific survival (Table II) .
Discussion
The results of the present study demonstrated that low Fer expression in stromal cells was associated with an increased pT stage and tumor grade, and the presence of metastasis Table I . Association between stromal Fer expression and pathological characteristics of renal cell carcinoma tissue samples.
Stromal Fer expression ----------------------------------------------------------------------------------------------------------------------------------Pathological characteristic
Patients, n Low, n (%) (n=51) Middle, n (%) (n=52) High, n (%) (n=49) P-value in patients with RCC. Multivariate analysis also identified decreased stromal Fer expression to be indicative of decreased survival. Cancer-associated fibroblasts and infiltrating immune cells within intratumoral areas are known to be important in malignant tumor progression (25) . Therefore, an increased understanding of the pathological significance and activity of RCC-associated stromal cells is essential for the development of novel observational and treatment strategies. Stromal Fer expression in patients with RCC was demonstrated to be inversely associated with Fer expression in cancer cells. Increased Fer expression in RCC cells has previously been demonstrated to be positively associated with tumor growth and progression in patients with RCC (6). A similar phenomenon has been reported in other malignancies, including breast and lung cancer (16, 26) . However, the association between stromal Fer expression, tumor malignancy and survival remains to be elucidated.
In the present study, all stromal tissue Fer-positive cells were evaluated collectively, and individual Fer-positive cells were not identified. However, certain Fer-positive cells appeared to be fibroblasts due to their morphological characteristics. In addition, certain Fer-positive cells were considered to be immune cells due to the important role served by the infiltration of immune cells into stromal tissue in RCC. Fibroblasts have been reported to be important in tumor growth, cell invasion and metastasis (25, 27) . Furthermore, Fer is known to be expressed in fibroblasts, and to be associated with their biological and pathological characteristics (9, 28, 29) . There is, therefore, a possibility that Fer expression in cancer-associated fibroblasts is associated with tumor aggression in various types of cancer, including RCC. The pathological interaction between fibroblasts and tumor cells is regulated by a number of complex mechanisms. For example, wild-type fibroblasts upregulate the secretion of matrix metalloproteinase (MMP)-7 by cervical cancer cells, whereas MMP-2 is produced primarily by cancer-associated fibroblasts (30) . Furthermore, cancer-associated fibroblasts affect the migration of glioma cells but not their proliferation (31) . Therefore, further investigation into the pathological significance of Fer expression in cancer-associated fibroblast stromal tissue is necessary.
The present study demonstrated that stromal Fer expression was negatively associated with CD68 + cell density. CD68 is frequently used to identify macrophages in human tissue. Increased macrophage density in the tumoral area has been reported to be associated with increased malignant potential and a poor prognosis in multiple types of cancer, including RCC (31, 32) . Low Fer expression in stromal cells was expected to be associated with decreased aggressiveness and increased survival, due to decreased macrophage density in human RCC tissue. Conversely, stromal Fer expression was negatively associated with intra-tumoral macrophage density. Intra-tumoral CD68 + cell density was considered to reflect the following differences in pathological status: Fer-expressing macrophages do not infiltrate cancer-associated stromal tissue, and/or chemokines and growth factors produced by Table II . Association between the pathological characteristics of renal cell carcinoma tissue samples and cause-specific survival.
Multivariate analyses Fer-expressing stromal cells inhibit the growth and migration of macrophages.
Infiltrating macrophages are known to be recruited to sites of disease under various pathological conditions (12) . However, the association between Fer expression and immune cell (macrophage) migration in cancer tissues is complex and unclear. Although Fer increases the recruitment and activity of leukocytes and neutrophils in response to various stimuli (33, 34) , it has also been reported to be an inhibitory factor of neutrophil chemotaxis (35) . In addition, it has been reported that Fer expression is associated with the production of vascular endothelial growth factor in myoblast cells (36) . However, there is a little information regarding the recruitment of macrophages through Fer-expressing stromal cell-mediated chemokine and growth factor production.
Conversely, CD57 + cell density was positively associated with Fer expression in stromal cells. CD57 is frequently used to detect NK cells in human tissue, which have been recognized to have anti-tumoral properties, including increased survival time, in various malignancies (37) (38) (39) . This is consistent with the hypothesis that increased stromal Fer expression is associated with decreased malignant potential and improved prognosis in RCC. However, the underlying molecular mechanism of Fer-expressing stromal cell-mediated NK cell recruitment and activation remains to be elucidated. Therefore, further in vitro studies are necessary to understand the biological and pathological role of Fer in NK cell recruitment in RCC.
The results of the present study suggest that Fer expression in cancer-associated stromal tissue serves an anti-oncogenic role in patients with RCC. In a Fer-deficient model, the tumor-free rates in mice targeted with a knock-in Fer-inactivating mutation were increased compared with those of Fer + / + mice (40) . Previously, an inhibitor of Fes was identified and used to inhibit the differentiation of osteoclasts (41) . Fer and Fes share a high structural homology (8), Therefore, it has been suggested that a subset of Fes inhibitors are likely also to be Fer inhibitors, and may be used in future preclinical cancer models (41, 42) . However, further investigation into the pathological significance and prognostic value of stromal Fer expression in patients with RCC is required.
In conclusion, the present study demonstrated that stromal Fer expression was negatively associated with aggressiveness in RCC tissue. Additionally, low Fer expression was associated with an improved prognosis in patients with RCC. The increase in CD57 + NK cells and the decrease in CD68
+ macrophages are considered to be regulated by Fer-expressing cancer-associated stromal cells. However, the individual types of Fer-expressing stromal cells could not be identified in the present study. Nevertheless, the results of the present study support the hypothesis that stromal Fer expression in RCC acts as a suppressor of tumor progression. In addition, the present results suggest that combined expression of Fer in stromal and cancer tissue is an effective prognostic biomarker in patients with RCC. Therefore, further studies are required to identify the pathological significance and prognostic value of stromal Fer expression in patients with RCC.
